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Bottom Organisms. Ten 1 Ft2 bottom samples were taken with a Surber

sampler more or less at random from the area where the fish were captured
on each collection date and preserved in 10% formalin within 3-4 minutes.
The bottom sample was taken fo the laboratory where the organisms were
separated from foreign materials and identified to family. The organisms
in each family were counted and veolumetrically measured by water dis-
placement (Tables V, VI),

Digestive Tract Contents

The fish were divided into three size groups (0-49 mm, 50-6% mm,
70-100 mm) for the analysis of digestive tract contents (Fig. 1).
choice of these grocups was based upon length frequency of all fish taken
and presumably represents age classes 0, 1 and 2, 3 and 4, respectively.
These sizes conform to the calculated growth curve of this species
presented by Kuehn (1949).

The frequency occurrence of all organisms in the fish digestive
tracts, percent volume and average number of insecis are considered for
each size group {(Tables I, II, III, I¥). Frequency occurrence is
expressed as the percentage of all fish in the sample having a part-
icular food item. Percent volume is the percent each family contributes
to the total volume of insects eaten on a collection date. The average
number of insects is the quotient of the number eaten divided by the

number of fish having this insect group in the digestive iract,



Average Number of Insects FPer Fish. Tendipedidae had the highest

il

verage number of organisms for the 50-6% mm size group and increased
progressively through the bimonthly samples. Baetidae was siightly less

in the total and rose from low averages in the first

Figh in the last twoe. No other category showed more

per fish, The cerders had the following averages: Diptera 10.7,

s

Ephemeroptera 6.2, Trichoptera 1.3, and Piecoptera 1.2. The averaq:
number of Diptera aznd Ephemeroptera increased through the study pericd
wnile the other orders remalned falrly constant.

Size Group 70-100 mm [Table II1).

Freguency Qccurrence. Baetidae and Tendipedidae both had a fre-

quency occurrence of HG¥% in this size oroup.

being lowest in the first fwo bimonthly samples

Other famlililes that occurred in most of

tphemerellidae, Simuliidae, and Heptageniida
fregquency occurrence greater than 10%., The

sroder was as followss
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lecoptera 9%,
le Trichoptera and Diptera wers

low 1n the first three samples and hich 1n the last two, Plecop?

decreased as the study period progressed,
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and was the only other family to exceed 10%. The percent volume for each
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percent volume of Diptera increased and Flecoptera decreased througn t

study pericd. No other crder showed Important differences in fthe bki-

monthly samples.

Average Number of Insects Per Fish. Baetidze had the highes

gverage number of insects in the 70-10C mm slze group and lncreased

through the study period except for the last sample. Tendipedida
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The analvsis ¢f digestive tract contents o

that Baetidae had the highest

number in each size group

average number in the 50-6% mm size group. Algae had

juency occurrence in the

50-69 mm group, and Baelidae and

70-100 mm group. All size groups are combinad in Table IV,



The average amount of food eaten increased through the study pariod,
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Fig. 2. 1In general, the three size groups of fish reflect the

seasonal variation in food over the study pericd. Baetldse and
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Tendipendidas increased, while Heptagenlidae

The other groups were fairly constant except for Hydropsychicae and
Ephemerellidae which had peaks on August 9.

Bottom Organisms

The total velume of organisms found in the bottom
steadily throughout the study period from O,13C co/Fte in the first sample
to 1.831 in the last., The total number per square foot also ircreased

throughout this period from 24.7 to [,180.5, Hydropsychidae had the high-

eat total volume but was third in total number {Tables V, VI This
family was absent from the first two samples but became Increasingly

sbundant in later collections. Tendipedidae was second in total volume

but had the greatest number of individuals., The number and volume of

Tendipedidae increased grestly throughout the zamplin
Ephemerellidae was next in volume and remained fairly constant except for
a peak on August 9.

Other families which accounted for meore than 1% of the ftotal volume

of the bottom samples were: Heptageniidae, Perlodidae,

Baetidae, Dolichopndidae, Tricorythidae, and Hydroptilidae, Trichoptera

L

5

had the highest total volume of all orders. It only appesarsd 2z traces

in

the first two samples but composed larger volumes in the of

samples. Ephemeropiers was second in totazl volume and incresszed
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Seasonal fluctuations in average
amount of food taken by individusal
longnose dace.
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throughout the sampling period. However, In spite of this increase, the
percentage of total number and volume in each bimonthly sample decressad
over the same period due to the relatively greater increases in the other
organisms. Diptera and Plecopters were the only other orders in the
bottom samples contributing more than 1% of the total volume. The number
and volume of Diptera increased over the study period. The number of
Plecoptera was fairly constant but the volume fluctuated greatly in the
bimenthly samples.
Forage Ratios

A direct comparison of the organisms in the bottom samples with
those in the digestive tract contents {Fig. 3} indicates that sbundance
of particular food items had an important effect on the diet of longnose
dace. The exceptions are explainable on the basis of greater or lesser
habitat (or behavioral) availability.

If the numerical percentage of a given kind of organism in the
digestive tract contents is divided by its numerical percentage in the

io. Ihis 1

5¥)
ot
ot
o

bottem sample, the resulting ratioc is termed the forage r

another way of comparing the digestive tract contents of fish with the

bottom orgsnisms. A forage ratio of one indicstes that an organs

occurred in the same relative abundance in the diges

bottom samples; a ratic greater than one indicates
either being selected in preference to other organisms, or that 11 wss
more availables; and & ratio of less than one indicates that an organlsn

was either less preferable or less available {Usinger, 1956, Baetidae
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Fig. 3 A comparison of numerical pervenlage ui organisms in the
bottom samples and the digestive tract contents of
longnose dace.
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had the highest forage ratic with 3.9, 5.0, and 6.8 in the smail, medium,

f -]

and large size groups, respectively (Fig. 4). The only other family with
a ratio greater than 3.0 was Simulidae which had 5.3 in the 70-100 mm
group but less than one in the other two groups.

The forage ratios of longnose dace varied considerably with size of
the fish. The ratios of Baetidse, Siphlconuridae, and Simuliidae were
highest for the largest size group of fish while the ratios of Tendipedice

sh., The

Ty
e
i

and all Plecoptera were highest for the smallest size group of
forage ratios of the middle size group had values between the forage
ratics of the other two size groups.

The forage ratio of Baetidae for all size groups combined wss about
twice {5.6) that of any other family. This indicates that Baetidse was
either twice as available or preferable as any other foecd group.
Simuliidae had the second highest forage ratio with 2,% and Limnepnliiidae
was third with 2.0. Tendipedidae had a ratio of 1.2 and was the only

other family greater than 1.0,
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Fig. 4 Forage ratics for three size groups of longnose dace.
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DISCUSSION
Since the longnose dace eat relatively few terrestrial organisms,
their diet is ultimately controlled by what 1s present in the water where
they live. Therefore, a food study should be directed towsrd the determi-

is present sre eatan

o)

nation of the factors which decide which of the anim
and to what extent., Size, appearance, habits, and taste of potenitlal food

organisms most likely determine their frequency and abundance in the di-

1

ey

potentl

3

gestive tract of fishes (Allen, 1941). Becsuse the hapits o

food organisms largely determine their vulnerability to feeding fish, an

~

!

attempt was made to correlate the forage ratios with known habits of the
focd organisms.

Ephemeroptera. Food organisms in this oxder were divided into wo
subgroups, the swimmers with high forage ratics and the creepers with lLow

<

forage ratios. Baetidae (Bagtis sp.) and Siphlonuridae {Ameictus sp.i. In

[
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the first group, swim about even in swift currents with gquick dart

et
Tr
By

o4
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movements and cling to bottom materials whenever they come %o

their high forage ratios correspond to their high av kility. Howevern,

siphlonuridae occurred in only two fish. Ephemerelilidse
and Heptageniidae {Rhithrogena sp. and Qinygrnuia

creep slowly over the bottom materials and are found mos

iy

crevices and on the lower surfaces of stones.

kility is reflected in their lower forage rati




Diptera. Simuliidae depend upcn a rapid current of water for their
food supply and live only in exposed locations. They are attached only by
the posterior end, with the body projecting upward into the current proba-
bly making them conspicuous to feeding fish (Allen, 1941). The swift
current may be g dsterrent to feeding by small fish and this may explain
the very low forage ratios in the two smaller size groups. Large fish
have a high forage ratio expected for this conspicuous food organism.

Most of the Tendipedidae live on the upper surfaces of stones in
tubes composed of bits of sediment held together by body secretions. The
larvae seem less conspicuous than the simulids since they are partially

hidden by algae and sediments. This difference may partially account for
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the digestive tract more rapidly than heavily chitinized forms such as
stonefly nymphs (Hess and Rainwater, 1939). Consequently, this grocup may
be more impertant than the forage ratios indicate.

Plecoptera. Most of the stream Plevopitera live in exposed positions,
but tend o remain stationary for considerakle periods (Allen, 1941).
Their relatively low forage ratios may be partially due to their in-

Conspicuousness,

o
fout

Trichoptera, Little is known concerning the habits of Limnephilidae

t they a1l build protective cases. Allen (1941} indizates that

=2
AN

except T

oy

v better utilize organisms with hard outer coverings or cases

ot

arge fish m

s

than oo smaller fish. This may account, at least in par
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forage ratics in the larger fish.

Hydropsychidae spend much of their time partislly emerged from tube-
like retreats concealed in crevices or camouflaged by bits of wocod, leaves,
or similar material. Presumebly the relative inaccessibility of these
larvae to the fish corresponds to the low forage ratios of this family.

The remaining insect families were not freguent in either the di-
gestive tract contents or the bottom samples and their hablits are not
conslidered,

The general interpretations gleaned from studying the hablts of

)

There

fomrd

bottom organisms are similar to those discussed by Allen (1941},
is fairly good correlation between the forage ratios and the apparent
availability of the insect to the fish. It is possible to divide the
insects into four categories based upon these observations.

() Insects with high forage ratios, 2.5 or more. These

animals live in exposed positions and are elther active or

o

conspicuous in appearance, or both. Examples are Ba

Siphlonuridae and Simullildae.

{b) Insects with a medium fcrage ratio, 1.0-2.5. Most of these

g

)
w

live in exposed positicns, but are either inaciive or
inconspicucus in appesrance or boih. Examples are

T

endl

o]

cdidae and Plecoptera.

h
i
D

{c) Insects with low forage ratios, less than 1.0
usltally live in sheltered positions. Examples are

7

Hydropsychidas and Ephamerellidae.
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(d) 1Insects with a forage ratic of zerc. Thess are burrowing
forms which are rarely visible and are seldom eaten by
fish.

The food habits of the longnose dace conform with the conclusionsg
of previous workers (Allen, 1951, and Neil, 1938) in that availability and
abundance of the food organisms appear to determine the diet of the fish,

The problems involved in a food hsbits study of this sort are numer-
ous. An accurate measurement of the food available ie an almost impossi-
ble task. Time of day, westher, waler current, boitom type, and many
other things, affect the availability of food organisms and compound the
usual problems of sampling. Also, the process of sorting, identifying,
counting, and volumetrically measuring the organisms is extremely time
consuming. Total volume of the digestive tract contents cof many of the

fish was less than 0.05 ¢c¢ which made accurate, direct measurement exceed-

organisms was often impossible. In spifte of the meny limitaifions, ztudies
of this sort provide the necessary background for more detailed work in

the future.
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SUMMARY

Samples of longnose dace, Rhinichthys cataractge, and botiom

organisms were taken approximately every two weeks, from 9

b

June to 5 Sept. 1963, from a 46,000 Ft= riffle of the

Yellowstone River.

The organisms from the fish digestiv
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family and enumerated. The volume of each famlly was calculated
from the average volume per individual in each family.

The organisms from each 10 F+< bottom sample were identitfied to
family and then counted and measured volumetrically by water

displacement,

The fish were divided into three 50540 mm,
and 70-10C mm)} for . The

frequency occurrence of all organisms in the fish digestive

a3

tracts ercent volume, and averaze number of insects were
s P 3

considered for each of ithese dgroups.

number in each size group except that

est averags number in the 20-069 mm s

highest frequsncy ccourrence in the O-49 mm jroup,

was highest in the 50-489 mm group, and Baetidae and Tendipedigae
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